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ratios were calculated and the dose per pulse response 
evaluated.  
Furthermore a comparison with other detectors and with 
MonteCarlo simulations was carried out in terms of dose 
profiles and Output Factors (OF) for fields from 0.6 to 40 
cm2. 
Results: Repeatibility and dose linearity were assessed within 
0.5% for all energies. Dose rate dependence was evaluated up 
to 2400 MU/min and deviations <0.5% were observed.  
MicroDiamond shows a very good stability with respect to the 
dose per pulse: the dose differences with the Farmer are 
≈1.4% with variations ≤0.2% for all the dose per pulse values. 
The critical issue is the low sensibility with respect to silicon 
detectors. 
MicroDiamond Output Factors for fields <20x20cm2 show a 
good agreement (<0.5%) with the ionization chambers while 
diodes overestimate the dose for more than 3%. For small 
fields (<3x3cm2) MicroDiamond measures ≈3% lower than the 
shielded diode (whose overestimation is known in literature) 
and very near to the stereotactic diode measurements. 
However a particular attention has to be paid to the high 
physical density that may give some problems for very small 
field measurements.  
The profile measurements show a good spatial resolution 
comparable to the commonly used solid state detectors.  
 
 
 
Conclusions: The PTW MicroDiamond seems to be an ideal 
detector for relative dosimetry. It is a very stable detector 
under FFF beams condition and the combination of a very 
weak energy dependence and a small active volume makes it 
adapt for all field sizes measurements in terms of Output 
Factors and profiles.  
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Purpose/Objective: Radiochromic films are extensively used 
for radiotherapy applications to measure 2D dose 
distributions in anthropomorphic phantoms. Generally the 
film is calibrated by delivering a homogeneous known dose to 
small pieces of film in a solid water phantom in a plane 
oriented perpendicular to the beam axis. For the 
radiochromic film measurements in anthropomorphic 
phantoms the films are often used in a plane parallel to the 
beam axis. In some cases the film is also applied in regions of 
the phantom with densities considerably different than the 
density of water (such as lung areas). The purpose of this 
study is to investigate whether the response of radiochromic 
film (EBT 2) depends on the angle between the film plane 
and the beam axis, and whether this rotation dependency is 
influenced by the density of the surrounding phantom 
material. 
Materials and Methods: The rotation dependency of the 
radiochromic film was investigated with a Monte Carlo model 
based on the Penelope 2011 source code. The geometry 
consists of a film piece in water phantom in a 10 x 10 cm2 
field. The radiochromic film is modelled as consisting of 5 
layers. The composition of the layers is based on [1]. The 
orientation of the film with respect to the beam is defined by 
the angle, α between the film plane and the beam axis. The 
dose was scored in a 3D matrix of voxels with dimensions of 
0.5 x 0.5 cm2 in the film plane and 5 x 10-4 cm in the 
direction perpendicular to the film plane. The matrix position 
was matched to the different film layers. The response of the 
film was calculated per voxel of the sensitive layer, as the 
ratio of the dose to the sensitive layer and the dose to water 
in absence of the film. The simulations were performed for 
three different values of α; 0o, 45o and 90o, and for two beam 
qualities Co-60 and 6 MV linac beam. In addition the 
simulations are repeated with low density (0.19 x ρwater) 
water as phantom material. 
Results: The average response of the film is independent of 
the orientation angle within 0.2 %. However for α = 0o in the 
direction along the sensitive layer perpendicular to the 
rotation axis (i.e. in the depth direction), the response varies 
as a function of the position on the film (see figure). A fit to 
the data shows a linear trend of 0.27 and 0.20 %/cm ± 0.04 
%/cm (k = 2). For the situation with low density water as 
phantom material the trend is up to 0.88 %/cm ± 0.13 %/cm.  
Conclusions: For orientations with the film parallel to the 
beam axis the response of the film changes as a function of 
the position on the film. The trend becomes even more 
pronounced when phantom materials with lower densities 
than water are used. Care should be taken when the 
radiochromic film are used in a geometry with the film piece 
parallel to the beams and in phantoms with low density 
materials. The average response to the sensitive layer is 
independent of the orientation angle. 
3rd ESTRO Forum 2015                                                                                                                                         S419 
 
[1] J. G. H. Sutherland et al., Monte Carlo calculated 
absorbed-dose energy dependence of EBT and EBT2 film, 
Med. Phys., 37, 1110-6 (2010) 
 
 
 
PO-0829   
A new graphite calorimeter for the measurement of 
absorbed dose to water in medium energy x-ray beams 
M. Pinto1, M. Pimpinella1, M. D'Arienzo1, I. Astefanoaei2, S. 
Loreti1, M. Quini1, A.S. Guerra1 
1Istituto Nazionale di Metrologia delle Radiazioni Ionizzanti 
ENEA Casaccia Resea, Dosimetry, Santa Maria di Galeria 
(Roma), Italy  
2Al I. Cuza’ Iasi University Faculty of Physics Carpath Center 
11 Carol I Blvd, Dosimetry, RO-700506 Iasi, Romania  
 
Purpose/Objective: In the framework of the EMRP-funded 
project 'Metrology for radiotherapy using complex radiation 
fields' (MetrExtRT), ENEA-INMRI has developed a new graphite 
calorimeter which, positioned in a water-phantom, allows the 
realization of absorbed-dose-to-water unit (Dw) for medium-
energy x-ray beams.  
Materials and Methods: According to a nested design, the 
innermost graphite body, the disc-shaped core of 21 mm 
diameter, 2 mm thickness, and weighing 1.14 grams, is 
surrounded by a 0.5 mm-thick vacuum gap and then by a 
second graphite body, the jacket, having the same heat 
capacity as the core. The jacket is surrounded by an 
additional 0.5 mm-thick vacuum gap and then by a third 
graphite body (the shield) which acts as a thermal buffer to 
improve the core thermal insulation. 
Results: Repeated measurements of absorbed dose to water 
in filtered x-rays qualities put a preliminary estimate of the 
combined standard uncertainty to a value of 1.8% (k=1). 
Conclusions: The ENEA-INMRI calorimeter is the first Dw 
standard built for measurements in medium energy x-rays 
based on graphite calorimetry, and is therefore expected to 
improve the robustness of the existing Dw primary standards 
system. The calorimeter is participating in an EURAMET 
absorbed dose to water indirect comparison and, upon 
successful completion, it will become the Italian national 
standard for absorbed dose to water in medium-energy x-ray 
beams.  
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Purpose/Objective: Due to the increasing complexity of IMRT 
treatment plans, differentiated quality assurance tools are 
required to relate the quality of an IMRT plan to 
measurement parameters achieved in the plan specific QA. 
Different commercial solutions are available that have to find 
a compromise between efficiency and accuracy. The aim of 
our work was to develop an IMRT quality assurance tool for 
patient specific plan QA based on EPID dosimetry and to 
compare it with commercial solutions regarding efficiency 
and accuracy. 
Materials and Methods: The measurements were performed 
using Elekta Synergy Linacs with 6 MV, 10 MV and 18 MV 
photons with an Agility MLC. The Elekta Synergy includes the 
iViewGTTM as the standard aSi-EPID with 1024 x 1024 pixels of 
size 0.4 x 0.4 mm2. This leads to a corresponding pixel size of 
0.25 x 0.25 mm2 in the plane of the isocenter. Pinnacle 9.6 
was used for the calculation of the treatment plans and the 
planar dose distributions. The processing of the EPID 
measurements was done using in-house developed software 
based on MATLAB (MathWorks Inc.). This includes the 
calibration of the EPID grey scale values to dose by applying 
the quotient of the output in water to the EPID signal for 
quadratic homogeneous fields. The evaluation and the 
comparison were done with Verisoft 6.0 using a gamma 
analysis. To compare the plan quality regarding the field 
shape and absolute dose values of each field, reference 
measurements were done using an ionization chamber array, 
the OCTAVIUS Detector 729 by PTW. 
Plan specific QA following our standard QA protocol was done 
separately with ArcCheck® and with OCTAVIUS® 4D phantoms. 
Results: The dose distributions both calculated by the 
planning system and measured with the ionization chamber 
array show good agreement with the result of our EPID QA 
tool. Comparing the calculated dose distribution to the EPID 
measurements shows differentiated results even with the 
stricter 2%/2mm Gamma evaluation due to the high 
resolution of the EPID. In contrast, although being suitable to 
measure exact dose information the lower resolution of the 
ionization chamber array prevents comparable precise 
Gamma analysis. This restricts the evaluation using the 
OCTAVIUS® 4D to a Gamma analysis of 3%/3mm accordingly. 
The outcome of the QA analysis of step-and-shoot IMRT 
evaluated with the commercial QA tools, OCTAVIUS® 4D and 
also with ArcCheck®, was in accordance with the results of 
our EPID QA tool.  
Conclusions: Our EPID dosimetry tool can be used for 
efficient IMRT plan QA and shows good agreement with the 
reference values and the commercial system. Due to the high 
resolution of the EPID measurement system, the higher 
informative value of the Gamma 2%/2mm value provides a 
benefit especially for the analysis of highly modulated IMRT 
plans.  
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